Members of the transforming growth factor-b (TGF-b) superfamily play various roles during development in both vertebrates and invertebrates. Two isoforms, TGF-b2 and -b5, have been isolated from Xenopus laevis. We describe here the localization of TGF-b5 mRNA in early embryos of X. laevis, assessed by whole-mount in situ hybridization. The ®rst detectable expression of TGF-b5 was seen in the stage 14 embryo at the posterior tip of notochord, which continued to later stages, accompanied by the expression in bilateral regions of posterior wall in the tail region next to the notochord. At later stages, transient expression was seen in the cement gland (around stage 21) and in the somites (stages 24±27). In addition, expression was present in the branchial arches (stage 29±36) and olfactory placodes (stage 36). q
Several members of the TGF-b superfamily have been implicated in the dorso-ventral patterning and tissue speci®cation during embryogenesis (Dawid, 1994; Smith, 1999) . They are multi-functional peptide factors, implicated in many processes in different cell types from nematodes to mammals (Kingsley, 1994) . Five distinct but similar homodimers of 25 kDa are grouped as TGF-bs ; these isoforms show high sequence identity ranging from 62 to 82%. The TGF-b5 gene was identi®ed only in amphibians (Kondaiah et al., 1990 ) which also contain TGF-b2 (Rebbert et al., 1990; Roberts et al., 1990a) . Many important roles have been attributed to the members of TGF-b superfamily during Xenopusdevelopment. For example, activins, certain TGF-b isoforms, and nodal related factors are capable of inducing mesoderm in Xenopusanimal cap explants (Kimelman and Kirschner, 1987; Rosa et al., 1988; Asashima et al., 1990; Roberts et al., 1990b; Smith et al., 1990; Rebagliati et al., 1998; Osada and Wright, 1999) . Vg1 has been shown to have a potent mesoderm inducing activity and in addition has the capacity to elicit dorsal axis formation (Thomsen and Melton, 1993) . The bone morphogenic proteins 2, 4 and 7 play essential roles in establishing ventral fates in both the ectoderm and the mesoderm Steinbeisser et al., 1995; Graff, 1997; Thomsen, 1997) In a previous study, TGF-b5 was shown to be expressed from the gastrula stage of Xenopus development (Kondaiah et al., 1990) , but its tissue and stage speci®c expression was not studied. We report here the expression pattern of TGFb5 during Xenopus development.
The earliest detectable expression of TGF-b5 mRNA is seen in the posterior tip of the notochord at stage 12/13 (not shown). Fig. 1A shows such expression at stage 14, which continues at least until stage 42 (see also Fig. 1F,G ). Cement gland anlage shows transient intense staining at stage 21 (Fig. 1B,C) . Prominent staining in a central portion of the somites is seen as stripes at stage 25 (Fig. 1D ) and at stage 27 (Fig. 1E) . Cleared embryos show that the striped staining is de®nitely in the somites (Fig. 1F) . This somite staining is consistent with the fact that consensus binding sites of MyoD, which is expressed in the somites (Hopwood et al., 1989 (Hopwood et al., , 1992 , have been identi®ed in the 5
H¯a nking sequence of the TGF-b5 gene (Vempati and Kondaiah, 1998) . Cleared embryos also shows that TGF-b5 mRNA is localized at the interior edge of the somites next to the notochord (Fig. 1F,G) . The expression in this region is present from stage 21 onwards (Fig. 1B,D±I) . In the later stages, (Fig. 1H,I ), the staining is still seen in the posterior tip of the notochord probably corresponding to the chordoneural hinge (Gont et al., 1993) . Besides, the staining is seen in lateral regions are fated to become somites (Gont et al., 1993) . The staining of branchial arches is detected at stages 36±42 (Fig. 1H±J) . The head region of stage 42 embryos show intense expression in branchial arches (Fig. 1I,J) . A dorsal view of the head shows expression of TGF-b5 in the olfactory placodes (Fig. 1J ).
Methods
TGF-b5 cDNA (Kondaiah et al., 1990) was linearized with XhoI for antisense or SpeI for sense probe synthesis. RNA probes were synthesized using a digoxigenin labeling kit (Boehringer Mannheim, Germany). Albino embryos of Xenopus laevis were staged according to Nieuwkoop and Faber (1967) , ®xed, and stored in methanol at 2208C until use. Whole-mount in situ hybridization was performed as described (Harland, 1991) with some modi®cations. For chromogenic reaction, the embryos were incubated in BM purple AP substrate (Boehringer Mannheim, Germany). The embryos were ®xed in Bouin's ®xative for 2 hrs washed with 70% ethanol. The embryos were cleared using benzyl benzoate and benzyl alcohol (2:1).
